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REPORT ON THE WORK OF THE 
INTERNATIONAL UNION OF PURE AND 
APPLIED CHEMISTRY 
1957-1967 


WILHELM KLEMM 
President of IUPAC’ 1965-1967 


The work of the International Union of Pure and Applied Chemistry, the 
worldwide organization for chemistry, is not as well known as it should be. 
Some years ago, to help overcome this deficiency, the Union published a 
pamphlet IUPAC— What it 15— What it does—How it works—How it is financed. 
In this pamphlet the way in which the day-to-day work of IUPAC is 
done by Commissions and Sections composed of the world’s leading experts 
in their respective fields was outlined; but because of shortage of space, the 
results of this work could be indicated only very briefly. The object of the 
present article is to supplement that pamphlet by giving more information 
about the results of IUPAC’s activity during the 1957-1967 decade and 
its current preoccupations. It stands to reason that such a survey cannot 
give a complete picture of the activity of the approximately thirty Sections 
and Commissions which make up IUPAC; it must be restricted to selected 
topics of general interest!. 


I. PHYSICAL CHEMISTRY DIVISION 


The work of this Division forms the basis of a good deal of IUPAC activity 
since it deals with basic quantitative matters like standards and data, 
symbols, and nomenclature. Without international agreement on such 
matters, the literature would be much more difficult to comprehend and 
the use of data greatly impeded. Physical chemistry is connected with 
physics and even with astronomy; the Division recognizes the inter-dis- 
ciplinary nature of some aspects of its subject matter and cooperates with 
other Unions when this is useful. 


(a) Symbols and Terminology 


The focal point in IUPAC for the consideration of symbols and units 
used to express basic physical quantities in chemistry and related fields is 
the Commission on Physico-Chemical Symbols, Terminology, and Units. In 1959 
the Commission published a Manual of Physico-Chemical Symbols and Termin- 
ology, which has been reprinted in the U.S.A. and translated into Japanese, 
Russian, and Bulgarian. It is the international guideline for authors of 
papers on chemical topics and for editors of chemical journals. 

Currently the Commission is revising the Manual. In recent years a serious 
effort has been made to unify and improve the symbolism of science by 
Commissions representing different disciplines. IUPAC participates in this 
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inter-disciplinary effort and maintains close liaison with the ISO Technical 
Committee 12 and the Symbols, Units, and Nomenclature (SUN) Com- 
mission of the International Union of Pure and Applied Physics. The revised 
Manual will incorporate all acceptable unifying changes, including use of 
the International System of Units (SI units) to the extent practicable, 
that have occurred during recent years. The Commission completed revi- 
sion of the Manual in 1967 and it was published as a tentative recom- 
mendation in 19684. 

It is much more difficult to establish recommendations for symbols than 
it seems at first sight. There was, for example, rather general confusion in 
the world concerning the symbols for the thermodynamic functions defined 
by E— TS (1) and H—TS (2). The symbol F has been used to represent 
one or the other of these quantities and the term ‘free energy’ has also been 
applied to both. In order to avoid this ambiguity the Commission recom- 
mended and the Council approved? that the symbol F should not be used 
for either quantity but that À be used for (1) and G for (2); also that the 
term ‘free energy’ be dropped and the terms Helmholtz and Gibbs energy 
be used for (1) and (2). It is regrettable that ISO/TC 12 and SUN have 
not accepted the IUPAC recommendation, but the search for an acceptable 
compromise continues. Other areas, where difficulties exist, include the 
general definition of reaction rate and the definition of the several activity 
coefficients. Tentative recommendations for these concepts will be published 
in the revised Manual. 

In natural sciences the most important unit for amount of substance is 
the mole (standard abbreviation mol) and it was very important to develop 
a rigorous definition acceptable to chemists. The revised Manual will 
contain the following definition which has also been accepted by the SUN 
Commission of IUPAP and ISO/TC 12. “The mole is the amount of sub- 
stance of a system which contains as many elementary units as there are 
carbon atoms in 0-012 kg of carbon-12. The elementary unit must be speci- 
fied and may be an atom, a molecule, an ion, an electron, a photon, éic., 
or a specified group of such entities.’ 

Some other tasks are pending, for instance a more ‘fine grained’ analysis 
of symbols for a number of specified areas, and a comprehensive listing of 
physical quantities, with symbols, definitions, and preferred units for each 
in the International System; such a listing should form the basis for an 
important educational force. 


In the field of High Polymers, a rapidly growing part of chemistry, there is 
a serious danger that extensive macromolecular nomenclature proposals 
will be made and published nationally without being correlated and gener- 
ally adopted on an international scale. This could only lead to conflicting 
situations and confusion in the literature. The Commission on Macromolecules® 
has endeavoured to achieve international agreement on problems of nomen- 
clature in the field of macromolecules. Its first report was published in 
English in 1952 in J. Polymer Sci.; the second report dealing with stereo- 
chemical problems of high polymers was published in /. Polymer Sci. in 1962. 
Translations into other languages (German, French, Italian, Russian, 
Czech, Spanish, Polish, Danish) have been published in national journals. 
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The problems of definitions, terminology, and symbols in colloid and 
surface chemistry are dealt with by the Commission on Colloid and Surface 
Chemistry, established in 1961. This Commission elaborated one report on 
colloids and liquid interfaces (Overbeek report), which was discussed in 
detail at the meetings at Paris (1965) and Prague (1967); this report has 
been circulated internationally and will be published as a tentative proposal. 
The field of physical and chemical adsorption and catalysis at solid inter- 
faces is still being studied; the situation in this field is rather complicated 
due to the wide variation in symbols used as well as lack of precision in 
definitions. 


Other reports on nomenclature have been dealt with by other Divisions 
and will be mentioned later in this review. But it should be mentioned that 
in order to come to an agreement concerning general problems on spectro- 
scopy, a Triple Commission for Spectroscopy of IUPAC and the Unions of 
Physics (IUPAP) and Astronomy (IAU) has been in existence for several 
years; this Commission has now become an Inter-Union Commission of the 
International Council of Scientific Unions (ICSU). 


(b) Data and Standards 


The control of purity is one of the fundamental problems of chemistry. 
In 1957 an international symposium entitled Purity Control by Thermal 
Analysis was organised by the Commission on Physico-Chemical Data and Stand- 
ards}4, 

The Commission is now engaged on a major task of preparing a mono- 
graph on The Characterization of Chemical Purity—Organic Compounds. This 
monograph will consist of a series of articles on the more widely used methods 
and techniques by which chemists assess the purity of the substances they 
work with; the emphasis will be on the advantages, disadvantages, and range 
of applicability of the various known techniques and methods. About 
twelve authors from four different countries are involved. 

Another important matter is the establishment of uniformity of the 
physical conditions under which properties of chemical substances and 
quantities relating to chemical reactions are measured. Furthermore, the 
Commission has under consideration a cooperative study of viscosity scale 
as well as a compilation of data relating to the critical state. 


On the initiative of the Commission on Thermodynamics and Thermochemistry, 
the IUPAC Thermodynamic Tables Project Centre at Imperial College, London, 
was opened in 1965 with S. Angus as Director. Panels of experts from 
different countries have been set up to correlate PVT data on several fluids, 
including the inert gases, He, N2, O2, CO>2, hydrocarbons, halogens, and 
refrigerants. The first Table (on CO2) will appear in the near future; the 
other Tables will be published throughout a ten-year period. 

The Commission on Thermodynamics and Thermochemistry has en- 
couraged and maintained close contact with the organizations known as 
Calorimetry Conferences in the U.S.A., the U.S.S.R., Japan, and the U.K. 
It has organized and has actively encouraged thermodynamics conferences 
in Austria, Canada, Sweden, and Germany. 
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The Commission for more than thirty years has concerned itself with 
standardization matters. In recent years it has encouraged use of second- 
ary standards (e.g. thianthrene for sulphur compound combustion) for 
intercomparison of rotating bomb calorimeters, primary standard sub- 
stances for heat capacity measurements, standard liquids for mixing 
measurements, and standard calibration reactions for general reaction 
calorimetry. The Commission is encouraging research to establish an 
acceptable international scale of pressure. 


The Commission on Molecular Structure and Spectroscopy has published the new 
standard Tables of Wavenumbers for the Calibration of Infra-red Spectrometers$. 
These tables, which were badly needed, are based on work specifically 
carried out for the Commission. They have become standard in the litera- 
ture and are recognized as the best source of near- and mid-infrared fre- 
quency data of high precision. The wave number tables are in the process 
of extension into the far-infrared region of the spectrum for which no 
compilation of an authoritative nature exists. 

One project which is currently in an active state in this Commission is a 
a study of standard methods of measurements and reporting of infrared 
intensities. This work is of importance, comparable to that of the above- 
mentioned table of standard wave numbers, but the great difficulty of 
intensity measurements in the infrared is due to the various techniques used 
in different countries. This has delayed the publication of a report on this 
subject. 


The Commission on Electrochemistry has continued to work closely with the 
International Committee for Electrochemical Thermodynamics and 
Kinetics (CITCE). At the Prague Conference (1967) the relationship of the 
two bodies was clarified. The Commission has the primary purpose of 
issuing reports and recommendations on questions of electrochemical 
nomenclature, definitions, and property values. In this work it will have the 
full cooperation of CITCE and will, in matters concerning symbols, work 
closely with the Commission on Physico-Chemical Symbols, ‘Terminology, 
and Units. Commission members are currently making a survey and 
collection of data on electrode kinetics. Besides the work on nomenclature 
and definitions the Commission on Electrochemistry—in cooperation with 
CITCE—is active in the fields of potential-pH diagrams (electrochemical 
equilibria) and electrochemical kinetics. Of the numerous publications 
only two need to be mentioned: (a) M. Pourbaix, Atlas d’Equilibres à 25°C, 
Gauthier-Villars, Paris, 1963; in English: Pergamon, Oxford, 1966. (b) N. 
Tanaka and R.'Tamamushi, Kinetic Parameters of Electrode Reactions, Electro- 
chim. Acta 9, 963 (1964). 


(c) Miscellaneous 


The Commission on Thermodynamics and Thermochemistry has an active publi- 
cation programme. For more than ten years it has issued an annual Bulletin 
of Chemical Thermodynamics’ that gives information about research in progress 
in all main laboratories of the world and on work completed but not yet 
published. It also contains a current bibliography of recent papers indexed 
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by substance and property. Other publications include Experimental Ther- 
mochemistry, Vol. I (Editor: F. D. Rossini), Interscience, 1956, and Vol. II 
(Editor: H. A. Skinner), Interscience, 1962. Experimental Thermodynamics, 
Vol. I (Editors: J. P. McCullough and D. W. Scott) has just been published 
(Butterworths, 1968) and Vol. II (Editor: B. Vodar) is in preparation. 

A publication of the Commission on Molecular Structure and Spectroscopy, 
Multilingual Dictionary of Important Terms in Molecular Spectroscopy, has been 
printed in English, German, French, Japanese, and Russian, by the courtesy 
of the National Research Council of Canada. A Spanish section has recently 
been prepared’? 

This Commission is preparing a set of recommendations for use by 
editors of chemical journals concerning presentation of data on nuclear 
magnetic resonance spectra and of data on optical rotatory dispersion. 
Furthermore, it prepares tables of performance characteristics of commercial 
spectrometers from different countries, including ultraviolet and visible, 
infrared, Raman, microwave and A spectrometers. 


Joint Commission on Applied Radioactivity. Radioactivity is not only a subject 
for study as a physical phenomenon; it also provides a very powerful tool in 
pure and applied research. To help experts in different scientific fields to 
exchange information about various techniques in the application of radio- 
activity the Joint Commission on Applied Radioactivity (JCAR) has been 
created. This Joint Commission (an Inter-Union Commission of ICSU with 
IUPAC as Parent Union) is the link between IUPAC and the International 
Atomic Energy Agency (IAEA) in Vienna and ensures a fruitful cooperation 
between this governmental body and our Union. 

One subject of interest for the Joint Commission was the organization of 
scientific meetings: Radioactivation Analysis (1959)8; Detection and Use 
of ‘Tritium in the Physical and Biological Sciences (1961)9; Radioactive 
Dating (1962)10; Isotope Mass Effects in Chemistry and Biology (1963)11; 
Chemical Effects associated with Nuclear Reactions and Radioactive 
Transformations (1964)12; Radioactive Dating and Methods of Low- 
Level Counting (1967); Use of Isotopes in Studies of Nitrogen Metabolism 
in the Soil-Plant-Animal System (1967). 

JCAR has sought to improve coordination of special subjects through 
the help of international organizations. Thus EURATOM has been con- 
tacted concerning the collection and dissemination of information on the 
self decomposition of labelled compounds induced by radiation, and IAEA 
on the purity control of certain labelled compounds. Collaboration has also 
been sought from various international laboratories for agreement on half- 
lives of selected radionuclides. 

A survey has been initiated and conducted on present practices in hospitals 
concerning the use of radioactive compounds administered to patients, in 
order to find out what is currently done in various countries. Such a survey 
has apparently never previously been carried out; the results obtained will 
be made available to various bodies, such as ICRP and WHO. 

Furthermore, the Commission has asked IAEA to make recommendations 
concerning some practical problems like standards for radioactive luminous 
time-pieces, the design and construction of isotope research laboratories, 
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the incineration and disposal of irradiated animals, especially cows con- 
taining considerable amounts of tritium, and on the design of such incin- 
erators. 

A rather unpleasant and cumbersome problem arose over the ownership 
and custody of two Radium Standards prepared by Hônigschmid. After long 
deliberation, agreement was reached that one standard will remain at the 
International Bureau of Weights and Measures, in Paris, and the other 
at the Radium Institute in Vienna. The question of standards of radio- 
activity is looked after by IAEA. 


II. INORGANIC CHEMISTRY DIVISION 


The most important work within this Division concerns Atomic Weights 
and Nomenclature of Inorganic Compounds. A third Commission of the 
Inorganic Division has promoted international cooperation in the field of 
high temperature chemistry in the solid and gaseous states (including 
‘plasma’). But the activity of this Commission has been mainly restricted to 
the organization of symposia and bibliographic compilations; there- 
fore a detailed report does not seem necessary in this survey. Also the fact 
that the Division supports the International Conferences on Coordination 
Chemistry is only mentioned parenthetically. 


(a) Atomic Weights 


Whereas in former times the determination of atomic weights was per- 
formed by chemical methods in chemical laboratories, physical methods, 
in particular mass spectrometry, have come more and more into use and are 
applied nearly exclusively today. As a consequence of the different methods 
employed, atomic masses were related by the physicists to 160 = 16-0000 
while atomic weights, as used by the chemists, were related to the naturally 
occurring mixture of oxygen isotopes O = 16-0000. The existence of two 
scales of atomic weights was intolerable in the long run. For many years this 
problem was discussed by both physicists and chemists and numerous 
proposals were advanced, but most of them proved unacceptable. Finally 
it was realised that 12C as a reference has advantage, both for physicists 
and chemists. Our Union as well as IUPAP, as a result of a very harmonious 
cooperation, decided during the years 1959-1961 to choose the mass of the 
carbon isotope 12 as a new reference for atomic weights. By this decision 
the two Unions have rendered a very valuable service to all natural sciences. 
After this fundamental decision our Commission on Atomic Weights pre- 
pared a new table of (relative) atomic weights based on the atomic mass 
of 2G =12 (exactly)15. The values given in the table apply to elements if 
they exist in nature, without artificial alteration of their isotope composition, 
and further to natural mixtures that do not include isotopes of radiogenic 
origin. 

Consideration was also given to the question whether the term ‘atomic 
weight’ should be retained or whether a more appropriate term could be 
found. It was finally agreed that the term ‘atomic weight’ used in so many 
different branches of science should be retained. 
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Chemical operations performed on natural or artificial radioactive ele- 
ments, medium-lived radioactive elements and on elements of unusual 
isotopic composition often make it necessary to compute from the relative 
isotopic masses and the isotopic abundances, the ‘effective relative atomic 
weight’ of the actual product which is being handled. Accordingly, a 
separate Table of Selected Relative Atomic Masses has been added to the 
traditional table of relative atomic weights and to the table of radioactive 
elements!6, 


(b) Nomenclature 


IUPAC established rules on the Nomenclature of Inorganic Chemistry 
for the first time in 1941 but these rules were rather fragmentary. When the 
Union resumed its work after the World War II (1947 in Amsterdam), the 
newly established Commission on the Nomenclature of Inorganic Chemistry 
decided not to restrict its efforts to a revision of the 1941 rules, but to make 
new rules that were more consistent and more comprehensive. After almost 
ten years of intensive work, the Commission issued the 1957 Report on the 
Nomenclature of Inorganic Chemistry which covers most aspects of strictly 
inorganic chemistry, from non-stoichiometric solid phases to coordination 
compounds!’, This report has already had a far-reaching influence on the 
nomenclature used in journals and textbooks—despite its rather revolution- 
ary character. 

The report is now out of print and the Commission has made preparation 
for a new edition by a thorough revision of all rules. Because of the exten- 
sive work in certain fields of inorganic chemistry, it proved necessary inter 
alia to extend the chapter on coordination compounds considerably. The 
sections on polyacids, crystalline phases of variable composition, and addi- 
tion compounds will also appear in a new form. The report was approved 
by the Commission at the meeting of the XXIII Conference in Paris(1965) 
and has now been published on a tentative basisl8, 78. 

Apart from this work, since 1958 the Commission has been mainly 
engaged in the preparation of nomenclature rules for fields on the borderline 
between inorganic and organic chemistry, e.g., organometallic compounds, boron 
compounds, silicon compounds, phosphorus and arsenic compounds. This 
work has been done in collaboration with the Commission on the Nomen- 
clature of Organic Chemistry. Rules for the nomenclature of organometallic 
compounds and boron hydrides have already been published on a tentative 
basis’8. Rules for organoboron, organosilicon and organophosphorus com- 
pounds have been considered at several meetings together with the Com- 
mission on the Nomenclature of Organic Chemistry. The silicon rules have 
now passed their 7th draft and can be considered as almost finalised. The 
boron and phosphorus rules need still some overhauling. The very intensive 
activity in the field of boron chemistry has made nomenclature work very 
difficult. 

Furthermore, the Commission has finished work on a very important 
question: the designation of the absolute configuration of coordination compounds. 
The tentative proposals have recently been published!9. 

From the very beginning of its work, the Commission has made endeavours 
towards unification of the names and symbols of the elements. Names and symbols 
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of all newly discovered elements have to be approved by the Commission 
which, on several occasions, has proposed small changes (such as pro- 
methium instead of prometheum, and Md instead of Mv for mendelevium) ; 
this makes the names and symbols more acceptable from an international 
point of view. In the past few years the discovery of new elements with very 
short life-times raised a new problem. Detailed critical studies are necessary 
in order to make sure that the particles observed in a certain experiment 
really represent a new element and that they are not isotopes of an element 
already known. The Commission can therefore admit a new element with 
a name only after much consultation with experts in this very difficult field 
of research. 


III. ORGANIC CHEMISTRY DIVISION 


It is estimated that more than half of all chemists are concerned primarily 
with the compounds of carbon. If the Organic Chemistry Division conceived 
of its mission as a total field-by-field coverage of descriptive organic chemistry 
it would have to have a very large number of Commissions. Instead of this, 
the Division undertakes to promote international communication in a 
constantly changing list of fields in which there is research activity arising 
out of new methods, new knowledge or understanding which give these 
fields a special importance. Currently, therefore, the Organic Division is 
especially active in organizing special international symposia. During 1969 
and 1970 symposia have been or will be held on the chemistry of natural 
products (especially steroids, terpenes, carotenoids), on organometallic 
chemistry, on conformational analysis, on organic photochemistry, and on 
the chemistry of nonbenzenoid aromatic compounds. 


A special field promoted by the Division during the past few years is 
Chemical Plant Taxonomy; a new Commission, established in 1965, will bring 
together organic chemists with biochemists and botanists. The work of this 
Commission is of great interest to all scientists working in the field of plant 
constituents, and to the pharmaceutical industry. 

Two fields in which there is a need for the setting up of international 
standards are now under consideration for the formation of Commissions by 
the Organic Chemistry Division. These are Organic Photochemistry and 
Therapeutic Chemistry; in each field an ad hoc study group has been set 
up which will make recommendations to the Division. 


The most long-standing activity of the Division, however, was the develop- 
ment of a uniform nomenclature for organic compounds. The enormous difficulties 
of such a task are obvious. There are about three million compounds to be 
considered, most of them of a rather complicated composition; the whole 
system must be clear and without ambiguity; general principles had to be 
developed which are applicable to a great number of different classes of 
compounds. The Commission on Nomenclature of Organic Chemistry under the 
chairmanship of Prof. P. E. Verkade had to work many years in order to 
come to satisfactory results. Each year the group met for one week or longer, 
in order to discuss the different problems, Organic chemists all over the 
world should fully appreciate this sacrifice of time and effort. As a result of 
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these deliberations the following documents have been prepared and pub- 
lished (Butterworths, London): 

(a) IUPAC 1957 Rules, comprising Section A (Hydrocarbons) and Section B 
(Fundamental heterocyclic systems), 2nd edition (1966). The differences 
between this edition and the first one are small. 

(b) ZUPAC 1965 Rules, comprising Section C (Characteristic groups, 
containing carbon, hydrogen, oxygen, nitrogen, halogen, sulphur, selenium 
and/or tellurium) (1965). 

Section D of the Commission’s work on general organic chemical nomen- 
clature is in preparation. It will deal with characteristic groups containing 
elements other than those mentioned above; for example with organometallic 
compounds; organophosphorus, organoarsenic and organosilicon com- 
pounds; heterogeneous chains and rings; boron compounds. This work 
was accomplished in cooperation with the IUPAC Commission on the 
Nomenclature of Inorganic Chemistry. It is to be hoped that within two 
years, the whole section may be available in a tentative form. 


Work on fundamental stereochemistry (Section E) is well advanced. Stereo- 
chemistry is of interest not only for organic chemistry, but also for physical 
chemistry, inorganic chemistry, biochemistry, and macromolecular chemi- 
stry. In order to get sufficient background for (more or less) generally 
acceptable rules, preparatory meetings of experts in the different fields are 
necessary. Such a meeting was held in London in the Spring of 1968 under 
the joint sponsorship of the CIBA Foundation, IUPAC, and the International 
Union of Biochemistry (IUB). 


Together with the IUPAC/IUB Commission on Biochemical Nomenclature 
(cf. Biological Chemistry Division), the Commission also works on the 
nomenclature of special groups of compounds such as steroids, lipids, caro- 
tenoids, cyclitols, etc. A new (third) version of rules for the nomenclature 
of (mono)saccharides and their derivatives was discussed by a special Sub- 
Commission on Carbohydrate Nomenclature at a third and final meeting 
in the Autumn of 1967. 


In addition to this nomenclature work another Commission of the Division 
has made studies on Codification, Ciphering, and Punchcard-Indexing’?. 


IV. BIOLOGICAL CHEMISTRY DIVISION 
Since the establishment of an independent Union of Biochemistry (IUB) 
in 1955, the activity of the Biological Chemistry Division of IUPAC has 
been restricted to two main fields: Biochemical Nomenclature and Clinical 
Chemistry20. 


(a) Nomenclature 

The Joint Commission on Biochemical Nomenclature is a combined Commission 
of experts of the two Unions (IUPAC and IUB). Each Union nominates the 
same number of titular members; the Chairmanship alternates between 
representatives of the two Unions. In this way, good cooperation between 
biochemists and chemists, especially organic chemists, is ensured. ‘The 
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Commission on Nomenclature of Organic Chemistry is consulted on the 
rules elaborated by the joint IUPAC/IUB Commission in order to make sure 
that these proposals are in agreement with the principles of the nomenclature 
of organic compounds, while representatives of the Joint Commission 
participate in the work of some Sub-Commissions of the Organic Chemistry 
Nomenclature Commission, e.g., the Sub-Commission on Carbohydrates. 

Until 1959 IUPAC and later the joint IUPAC/IUB Commission were 
concerned with the nomenclature of amino acids, steroids, vitamins, and caroten- 
oids. The rules devised by them were published in 19602! and have been 
generally accepted in the scientific literature and in the pharmaceutical 
and food industries. Some revision of these rules is now under consideration?3. 

Another important problem considered was the standardization of 
abbreviations and symbols. In order to make allowance for the rapid progress 
of science and in order to meet the demands of the editors of biochemical 
journals, the tentative rules, published in 1961, were improved and en- 
larged; the third version was published in 196622. 

In recent years, it has become necessary to revise the 1960 nomenclature 
of vitamins. The chemical constitution of these substances being very hetero- 
geneous, it seemed desirable to treat the different classes separately; a certain 
number of vitamins were collected in a group: Miscellaneous Compounds 
of Importance in Biochemistry. In the last few years tentative rules for the 
following classes were published: (1) Trivial Names of Miscellaneous Com- 
pounds?4, (2) Quinones with Isoprenoid Side-Chains?5, (3) Folic Acid and 
Related Compounds”, (4) Corrinoids??. 

Chemists and biochemists working in the field of natural and synthetic 
peptides have a particular need for a uniform system of abbreviations. The 
Commission has tackled this question; as a preliminary result tentative 
Rules and Abbreviated Designation of Amino Acid Derivatives and Polypeptides? 
and Abbreviated Nomenclature of Synthetic Polypeptides (Polymerized Amino Acids)?9 
have been published. At the present time, Sub-Commissions are engaged 
on Cyclitol Nomenclature®® (e.g. meso- Inositol), with Nomenclature of 
Lipids*! and with the adaptation of the Rules for Carotenoids to correspond 
with the present state of knowledge. Translation of the aforementioned 
rules into other languages (French, Russian, efc.), is on the way; the 
German version has already appeared?2. 


(b) Clinical Chemistry 


This Commission bridges chemistry and medicine. The Commission 
has initiated the creation of the International Federation of Clinical Chemi- 
stry (1955) and there is consequently very close and friendly cooperation 
with this ‘daughter organization’, in which the scientists engaged in clinical 
chemical investigations are joined together. The Federation has already 
organized six International Congresses, and the seventh will be in 1969 at 
Geneva. 

At its meeting in Detroit (U.S.A.) in 1963, the Commission on Clinical 
Chemistry decided to undertake the formidable task of standardizing the 
units to be employed in reporting the results of clinical chemical analyses. 
The need for, and importance of, this endeavour can scarcely be exaggerated. 
At present, a chaotic situation exists. For example, the concentration of a 
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compound in blood serum may be reported in different countries, or even 
by different clinical chemists within the same country, as g/100 ml, g/l, 
Meq/1, or mg % (which means literally milligrams per 100 milligrams, but 
which is commonly intended to mean mg/100 ml or mg/100 g). Faulty 
interpretation of clinical chemical data may place the health or even the 
life of a patient in jeopardy. The adoption by IUPAC of standard units for 
clinical chemical data would be of great value to clinical chemists and, 
indirectly, to the members of the medical profession and the patients, whom 
they treat. The Commission made its first proposals?8 for world-wide regula- 
tion in 1966. 

The Commission on Clinical Chemistry has undertaken a survey of the 
training of clinical chemists. The reports received confirm the impression that 
there is a great need for better training in clinical chemistry in most of the 
countries of the world. In order to open a new laboratory or to take over the 
post of head of a clinical laboratory, post-graduate training followed by a 
diploma in clinical chemistry is proposed by the Commission for scientists 
with completed education in medicine or chemistry, etc. 

Finally, it should be mentioned that the Commission studies nomenclature 
rules, important for the field of clinical chemistry, in cooperation with the 
other relevant Commissions of IUPAC. 


V. ANALYTICAL CHEMISTRY DIVISION 


Activities of the Analytical Chemistry Division have included the organiza- 
tion and support of congresses, symposia, and other meetings important to 
the development and practice of analytical chemistry throughout the 
world. Of particular significance is the work of its various Commissions 
which compile, study, and make recommendations pertinent to their respec- 
tive fields of analytical chemistry. A third area of significant contribution 
is that of cooperative programmes with international organizations such 
as the European Community (CE), Food and Agriculture Organization 
(FAO), World Health Organization (WHO), and International Organiza- 
tion for Standardization (ISO). Cooperation with such international 
groups must be considered a vital function of IUPAC; because of the 
nature of the activities, the Applied Chemisrty Division and the Division 
of Analytical Chemistry are the groups primarily involved. 


The Analytical Chemistry Division has organized or sponsored many 
scientific meetings. For example, the Division played an important part in 
the XVth IUPAC Congress held in Lisbon in 1956. Likewise, the XVIth 
IUPAC Congress held in Paris in 1957 included an important colloquium 
on Modern Electrochemical Methods of Analysis (organized jointly with the 
Division of Physical Chemistry and CITCE3). The XXth Congress held 
in Moscow in 1965 included analytical sessions, and the XXIst Congress 
(Prague 1967) had analytical chemistry as its major theme and dealt with 
such timely and important topics as automation in analytical chemistry, 
analytical methods for toxicological studies, etc. 

The Division gave its patronage to international symposia on Micro- 
chemistry at Birmingham, England (1958 and 1962) and at State College, 


11 


WILHELM KLEMM 


Pennsylvania, U.S.A. (1961 and 1965) and to international congresses or 
symposia held at Warsaw, Budapest, and Tokyo. 


Some idea of the scope of Division activities may be obtained from the 
work of its seven active Commissions. The Commission on Analytical Reactions 
and Reagents has been concerned with the choice and documentation of 
experimentally selected and validated reactions for use in qualitative 
inorganic analysis. Reports of the Commission’s studies were published in 
1938, 1945, 1948, and 1964. The 5th Report, edited by Philip W. West?9, 
was published as a summary of selected studies contained in the first four 
reports together with additional studies to bring the work up-to-date. 

The Commission on Microchemical Techniques has dealt with critical studies 
of the standardization of microchemical equipment and has undertaken 
such tasks as the selection and validation of recommended test substances 
for the microdetermination of halogens and sulphur in organic compounds. 
Similar studies have been made of test substances for the standardization 
of carbon and hydrogen, nitrogen, and oxygen determinations. The recom- 
mendation of test compounds for microelemental analysis?6 and the study 
of the accuracy of carbon and hydrogen determinations?’, efc., provide 
valuable information to the world’s microchemists. 

The Commission on Nomenclature of Analytical Chemistry works continually 
on the standardization of terminology in analytical chemistry. ‘The import- 
ance of such a programme is obvious to all. Reports on gas chromato- 
graphy#8, nomenclature of titrimetric analysis80, presentation of the results 
of chemical analysis8l, and sodium carbonate and sulphamic acids as acid— 
base primary standards’? have been published. 

The Commission on Spectrochemical and Other Optical Procedures for Analysis 
deals with the various optical procedures used in the determination of 
chemical concentration. Fields covered include spectrochemical and x-ray 
methods, refractometry, polarimetry, and microscopy. Reports have been 
prepared covering the calibration of wavelength and photometric scales of 
non-recording spectrophotometers?? and the study and correction of wave- 
length tables. The Commission edited a report by G. V. M. Duykaerts on 
Tables of Spectrophotometric Absorption Data of Compounds used for the Colorimetric 
Determinations of Elements (Supplement to Pure and Applied Chemistry, 1963). 
The Commission has prepared recommendations on nomenclature and 
symbols; Part I of a report on Nomenclature, Symbols, Units, and their Usage 
in Spectrochemical Analysis has just been completed and is under discussion 
with the other Commissions of IUPAC interested in these problems and 
with the Inter-Union Commission on Spectroscopy of ICSU. 

The Commission on Electroanalytical Chemistry has been active in formulat- 
ing conventions and furthering decisions necessary to achieve increased 
accuracy in electrochemical analysis and especially in the collection and 
tabulation of electrochemical data and in the compilation and dissemination 
of selected electrochemical data of analytical importance. Under the 
editorship of G. Kortiim, W. Vogel and K. Andrussow, a detailed compila- 
tion of Dissociation Constants of Organic Acids in Aqueous Solution4® was pre- 
pared. Companion compilations on the Dissociation Constants of Organic 
Bases in Aqueous Solution*! and Dissociation Constants of Inorganic Acids and 
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Bases in Aqueous Solution have been prepared under the leadership of D. D: 
Perrin. 

A wide variety of other important studies has been carried out by the 
Commission including those dealing with the standardization of pH and 
related terminology under the leadership of Roger Bates. These studies 
have considered such matters as primary standards for pH measurements in 
highly alkaline regions, and the practical measurement of pH in amphi- 
protic and mixed solvents??. Other significant activities include the study 
of purification of solvents such as acetonitrile, hydrofluoric acid, methylaceta- 
mide, tetrahydrofuran, acetic acid, and ethylenediamine“4. 

The Commission on Equilibrium Data deals primarily with the compilation 
of data on complexity constants and solubilities. The importance of the 
Commission’s work is exemplified by the publication Stability Constants of 
Metal-lon Complexes with Solubility Products of Inorganic Substances, prepared 
by J. Bjerrum, B. Schwarzenbach and L. G. Sillen*. Thanks to the extremely 
hard work of A. E. Martel and L. G. Sillen, a second edition of the com- 
pilation of stability constants has been completed*®. Recommended symbols 
for solution equilibria have been published recently?’. 

The Commission on Analytical Radiochemistry and Nuclear Materials was 
created in 1965. Projects in hand include studies on the use of radioisotopes 
and regulations applicable to such usage, reference materials for radio- 
activation analysis, and intercomparison of laboratory methods for the 
analysis of nuclear materials. 


VI. APPLIED CHEMISTRY DIVISION 


The previously mentioned five Divisions of the Union are generally 
considered to represent ‘pure’ chemistry, while representation of ‘applied’ 
chemistry was up to now largely limited to a single Applied Chemistry 
Division consisting at present of nine Sections with their concomitant 
Commissions. It is, of course, the activities of this Division, which are the 
particular concern of industry in whose interest the members of this Division 
strive and whose support it solicits. 

Before outlining a few salient activities of the Applied Chemistry Division 
during the last ten years or so, it is appropriate that the objectives of the 
Division should be restated. Apart from the general objectives of the Union 
itself, the primary purpose of the Division is to serve industry in all those 
ways by which chemistry can help foster international understanding and 
assist international ‘trade’. To that end it provides a means of establishing 
international agreement on matters such as symbols, terminology, units, 
abbreviations, efc., concerned with raw materials and products. It also 
undertakes the promulgation of internationally agreed methods of analysis 
and of other types of testing necessary for the establishment of specifica- 
tions. In no way is it intended that there should be any conflict with the 
activities of national scientific bodies. On the contrary, the two types of 
organization operate at different levels and, indeed, are complementary. By 
virtue of its international standing, as part of the Union, the Applied 
Chemistry Division provides the mechanism of finalising agreement on 
scientific matters important for international trade. 

When the Division came into being in 1953, it was evident that activity 
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could not immediately be initiated on behalf of the many branches of 
industry, but as a first step, Sections were formed mostly concerned with 
food science and covering many of the aspects of the food industry. These 
Sections were termed (1) Food Section, (2) Oils and Fats Section, (3) 
Fermentation Industries Section, and (4) Pesticides Section, while the 
remainder, concerned with (5) Toxicology and Industrial Hygiene, (6) 
Water, Sewage, and Industrial Wastes, (7) Pulp, Paper, and Board, (8) 
Organic Coatings, and (9) Plastics and High Polymers, have links with 
other industries. 


Food Science Sections. The activity of the Food Science Sections has been 
directed mainly towards the establishment of internationally acceptable 
methods of analysis (and of limiting levels) of (a) nutritive and other factors, 
and (b) undesirable trace substances in food materials. As an example in the 
first category, one might cite the variation in the official methods for vztamin 
A assay, which provides fertile ground for disagreement between exporters 
and importers of marine oils. As a result of several years of collaborative 
study, the differences were resolved and an internationally acceptable 
standard was established48. Attention has also been given to the vitamin A 
potency of B-carotene*? and the bioassay of vitamin D—oils and concen- 
trates50, Another example relates to the establishment of standards for the 
composition of dried yeast, also necessitating general agreement on ana- 
lytical techniques. Until such specifications were established in 196251 
international trade in that material had been significantly hampered. 

The importance of the establishment of internationally accepted methods 
of analysis of oils and fats has been appreciated for many years. Indeed the 
Oils and Fats Section can trace its existence back to 1924, long before the 
Applied Chemistry Division was formed. The Section produced its 4th 
edition of Methods for the Analysis of Oils and Fats in 1954; and in 1964 pub- 
lished a completely revised 5th edition (in French and in English) as a loose- 
leaf booklet®?. This booklet contains some forty methods, mainly relating to 
oils and fats, but partly to the analysis of oleaginous seeds and fruits, gly- 
cerol and soaps. Work continues on the development of new, and the im- 
provement of existing, methods of analysis. As they are established they are 
published in loose-leaf form for insertion in the booklet®3. 

Since its inception, the Food Section has been concerned with the establish- 
ment of internationally agreed methods of determining traces of undesirable 
substances in food. Such methods have been published for the determination 
of copper®4, lead55, and mercury6, and now a Sub-Commission has an inter- 
national collaborative programme for the development of a physico-chemical 
procedure for estimating traces of aflatoxin in foods5’. This is an important 
matter which has come to the fore in recent years. Another Sub-Commis- 
sion is engaged on a similar study with a view to standardizing a procedure 
for the determination of 3,4-benzpyrene in foods, as an index of carcinogenic 
polycyclic aromatic hydrocarbon content. 

Pesticide residues in food materials have also claimed particular attention. 
Indeed the Applied Chemistry Division, through its appropriate Section, 
was the first to play a coordinating role in the general pesticide field, by 
sponsoring congresses and symposia and later by collaborating closely with 
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WHO, FAO, and several other international organizations on the develop- 
ment of methods of determining pesticides residues in crops and food products 
following treatment with pesticides. The Section has intensified its activity 
during the last two years, giving special attention to the chemical trans- 
formations of pesticides after their application to plants (degradation and 
metabolism of the residues). A report on the results has recently been pub- 


lished’. In this work close cooperation with the chemical industry has been 
established. 


Other Sections. Considerable attention has been given to toxicological and 
industrial hygiene problems, particularly in relation to the hazards of expo- 
sure of workers operating certain industrial processes. These need the 
establishment of standardized methods of sampling of air, and the analysis 
of traces of toxic substances found therein. So far twenty-nine methods for 
determining such substances in air have been published5? and it is expected 
that further methods will be ready for publication in the near future. These 
will not only include methods for air analysis to be used in the control of 
occupational exposure, but also methods for the analysis of urine, blood, 
and expired air, which will serve a similar purpose. 

In cooperation with the Permanent Commission and International 
Association on Occupational Health and the International Bureau of Labour, 
IUPAC, through its Section on Toxicology and Industrial Hygiene, has 
organized two international symposia concerning the Maximum Allowable 
Concentrations of Toxic Substances in Industry at Prague (1959)60 and Paris 
(1965)61; both symposia were under the chairmanship of Prof. R. Truhaut, 
who was President of the Division (1963-1967). In 1956 the Section on 
Toxicology and Industrial Hygiene organized at Lisbon a colloquium 
on Determination of Free Silica in the Dust of Industrial Atmosphere®. 

As the industrial use of plastics is of relatively recent development, IUPAC 
has been able to render assistance to the industry at an earlier stage in the 
development of standards than has been the case with the older industries. 
This is illustrated by the fact that two publications on the Classification of 
High Polymers®?, 64 and one on Recommendations for Abbreviations of Terms 
relating to Plastics and Elastomers® have been produced. The Plastics Section 
has also published the findings of a working party on the Relationship of 
Performance Characteristics to Basic Parameters of Polymers®6, and has participated 
in an international symposium on Aging of Plastics, the proceedings of which 
have been published67. In these various ways, including joint sponsorship 
of many symposia in Italy and France, a considerable contribution has been 
made to the establishment of basic information on the many types of plastics 
coming into the industrial field. 

At the Prague Conference (1967), a new Macromolecular Division having 
been created, the Plastics Section of the Applied Chemistry Division has 
been terminated; see Section VII. 

The Section on Organic Coatings, has published a report on Hardness 
Testing of Organic Coatings®®, and another on Recommended Methods for the 
Analysis of Drying Oils®9, 

As an illustration of the wide applicability of the efforts of the Applied 
Chemistry Division may be mentioned a project undertaken by the Water, 
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Sewage, and Industrial Wastes Section. This Section, mindful of the increasing 
demand for water by most industries, set up a working party which pro- 
duced a book on the Re-use of Water in Industry—A Contribution to the Solution 
of Effluent Problems". This publication, which reviewed the problems en- 
countered by the coal-mining, steel, electroplating, heavy chemicals and 
beet-sugar industries in different countries, is in considerable demand. 

Another world-wide survey has been completed by the Fermentation 
Industries Section which has produced a review of the products of the fermen- 
tation industries in some twenty-eight countries’!. This indicates the present 
status, trends, and future potential of different branches of the industry. 
More recently, this section has published a standardization of methods. for 
the determination of the alcohol content of beverages and distilled potable 
spirits?2. | 

All the Sections of the Applied Chemistry Division have been active in 
initiating and sponsoring symposia in different partsof the world. For example, 
two symposia organized by the Pulp, Paper, and Board Section, namely the one 
on Wood Chemistry in Montreal’ and that on Dissolving Pulps in Helsinki’ 
should be mentioned. The former was judged the most important symposium 
on the subject ever held, and the latter brought to light information of great 
value in the manufacture of ‘high-wet-modulus’ fibres. This will materially 
assist the rayon and staple fibre industry. 


During the last few years IUPAC has undertaken a very extensive task in 
which the Applied Chemistry Division, together with the Analytical 
Chemistry Division, will be primarily involved. The European Community 
(CE) has asked IUPAC to elaborate methods for the analysis of food additives 
in order to have standard methods valid for all member countries of CE 
This cooperation was initiated by Prof. R. Truhaut and the Secretary-Gen- 
eral, Dr. R. Morf. The work will occupy the Union for many years. It 
was a major task for the Union to fulfil the contract because IUPAC 
hitherto did not have the mechanism for such an enterprise and a lot of 
preparatory work had to be done. But scientists and industrial firms all 
over the world recognize the importance of this activity and give IUPAC 
full assistance. 

Thanks to the tireless efforts of Prof. Truhaut and Dr. Morf, it was 
possible to fulfil the contract with CE for 1966 and 1967 and establish some 
47 methods of analysis for food additives, the applicability of which is 
proven and secure. This cooperation with CE will be continued. 

During the past few years IUPAC has achieved, as the result of the activity 
of the Divisions of Applied Chemistry and Analytical Chemistry, recogni- 
tion as an advisory organization for working out reliable methods of chemical 
analysis in the border fields of medicine and agriculture. The following 
may be mentioned: (a) Investigation of food additives (dyestuffs, anti- 
oxidants, emulsifying agents) ; (b) Analysis of additives in foods; (c) Quanti- 
tative analysis of residues from pesticides. 

It is important to mention that this cooperation with international organ- 
izations has brought about an intensive cooperation with industry on a 
world-wide basis. This provides evidence of the recognition of the work of 
IUPAC and opens numerous possibilities for further activities of the Union. 
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VII. CONCLUDING REMARKS 


The present survey shows that through the work of its Commissions and 
Sections, IUPAC has succeeded in the past ten years in achieving results 
which are of great value to the chemical community. In the future the 
work will go on in the same manner, and in addition, be extended in new 
directions. 

(a) The necessity to further not only the classical fields but also border 
line fields, has been recognized in all aspects of science. IUPAC will act 
accordingly in that it will strengthen cooperation with those organizations 
which cultivate inter-disciplinary subjects. IUPAC will strive to ensure that 
questions of nomenclature, symbols, and standards in chemistry and in the 
border-line fields be decided only in cooperation with IUPAC, so that 
unified systems are preserved. 

Especially, IUPAC endeavours to establish closer cooperation with the 
International Union of Biochemistry (IUB). To avoid duplication of effort, 
IUPAC terminated its Biological Chemistry Division at the Conference in 
Prague in 1967, and is striving to solve the problems which are of interest 
to both Unions with the help of Joint Commissions, e.g., the Commission on 
Biochemical Nomenclature. 

The cooperation with medicine in chemical fields seeming especially 
important to IUPAC, the hitherto existing Commission on Clinical Chemistry 
was transformed into a Section which does not belong to a Division, but is 
attached directly to the Bureau. 

(b) IUPAC will cultivate ‘applied ete , 1.€., the interests of chemical 
industry, to an even greater extent than has been the case in the past. ‘This 
it expects to do in three ways: 

1. Through the choice of more persons than previously from industry 
as members of the various Sections, Commissions, etc. 

2. Through organizational changes within IUPAC. First, a Macro- 
molecular Division has been created to cultivate further this field which 
has become so important for technology. Other industrially important 
fields will follow. 

3. Cooperation with other organizations which are concerned with 
related technically important questions will be intensified. ‘This applies 
to fields such as catalysis, detergents, etc., as well as to chemical engin- 
eering. 

(c) Realising that it had not previously devoted sufficient attention to the 
matter, IUPAC has formed a permanent Committee on the Teaching of Chemi- 
stry. Meeting for the first time in 1964, the Committee has defined several 
areas for study. Two reports have already been published’ 7, the first 
of which culminated in an international workshop on Evaluation in Chemistry, 
in Ceylon during 1968. In view of the recent decrease in recruitment of 
students into the study of chemistry at the tertiary level, the symposium 
planned for Frascati by the Committee and the Italian National Research 
Council in late 1969 on University Chemical Education, assumes great je 
nificance. 


IUPAC will be able to achieve these goals only if enough interest is 
found among those whom the IUPAC work benefits! All efforts towards 
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the standardization of symbols and nomenclature, and the introduction 
of standard methods of analysis, etc., are useless if the chemical community— 
academic and industry—applies the results hesitatingly or not at all. 

In order to intensify relationships with industrial firms, IUPAC has 
created a new type of membership, called Company Associateship. Company 
Associates are kept fully informed of the Union’s activities; every Company 
Associate receives gratis the publications of IUPAC, z.e. 

(a) the Comptes Rendus of the biennial conferences; 

(b) the Information Bulletin, containing accounts of the work of 
IUPAC and the ‘tentative’ proposals for nomenclature, etc. 

(c) the IUPAC journal, Pure and Applied Chemistry, which includes 
definitions, rules, standardized directions for analysis, etc., as well 
as the text of the plenary lectures given at symposia, etc., sponsored 
by IUPAC. 

Finally, the Company Associates receive advanced information on 
IUPAC-sponsored congresses and symposia and they are entitled to a 
reduced registration fee at these meetings. In return Company Associates 
pay a contribution of at least $250 per year, thereby helping IUPAC cover 
the large financial expenses which are connected with its work. 

It is gratifying that over 100 industrial companies have already become 
Company Associates. [UPAC hopes that their number will increase greatly 
in the coming years, so that its aim of full cooperation with world-wide 
chemical industry will be achieved. 


References 


1 Reports on the activities of [IUPAC are published periodically in the JUPAC Inform. Bull., 
in the Comptes Rendus of the biennial IUPAC Conferences, and in Pure and Applied Chemistry, 
the official journal of IUPAC. A list of IUPAC publications up to and including Vol. 
12 of Pure and Applied Chemistry was included in the IUPAC Inform. Bull. No. 28 (1967). A 
new list is in the course of preparation. 

2 Manual of Physico-Chemical Symbols and Terminology, 1959—French and English versions 
(Butterworths, London) now out of print. Reprinted in J. Amer. Chem. Soc. 82, 5517- 
5522 (1960) ; available from Chemical Abstracts Service, Columbus, Ohio 43210, U.S.A. 

3 Comtes Rendus IUPAC XXI, 122 (1961). 

4 JUPAC Inform. Bull. No. 32 (1968). 

5 In 1967 a new Macromolecular Division was created, replacing the Macromolecular 
Commission of the Physical Chemistry Division and the Plastics and High Polymers 
Section of the Applied Chemistry Division. See Section VII. 

6 Pure Appl. Chem. 1, 537-699 (1960). Also in book form, Butterworths, London, 1961. 

7 Available on subscription from Prof. E. F. Westrum, Jr., Department of Chemistry, 
University of Michigan, Ann Arbor, Michigan 48104, U.S.A. 

8 Pure Appl. Chem. 1, 1-141 (1960) ; Comptes Rendus de ? AIEA (Vienna), 1960. 

9 Comptes Rendus de ? AIEA, 1962 

10 Comptes Rendus de l’AIEA, 1963. 

11 Pure Appl. Chem. 8, 215-552 (1964). Also in book form, Butterworths, London, 1964. 

12 Comptes Rendus de l’ AIEA, 1964 (two volumes). 

13 Bibliography on the High Temperature Chemistry and Physics of Materials (Editor: J. J. Diamond). 
On sale from the Superintendent of Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402, U.S.A. 

14 Analyt. Chim. Acta 17, 1-174 (1957). Also in book form as Purity Control by Thermal Analysis, 
Elsevier, Amsterdam, 1957 (reprinted 1958). 

15 Comptes Rendus IUPAC XXI, 151 (1961); Comptes Rendus IUPAC XXIV, 136 (1967). 

16 Comptes Rendus IUPAC XXIII, 175-180 (1965). 

17 Nomenclature of Inorganic Chemistry (English and French versions on facing pages), Butter- 
worths, London (1959). Japanese, Swedish, German, Czechoslovakian, Dutch, Bulgarian, 
and Portuguese translations have been published. Translations into some other languages 
are in preparation. 


18 


REPORT ON THE WORK OF IUPAC 


18 JUPAC Inform. Bull. Nos. 34 and 35 (1969). 

19 JUPAC Inform. Bull. No. 33 (1968). 

20 As will be reported later, the Division of Biological Chemistry was terminated in 1967. 
The Joint Commission on Biochemical Nomenclature has been attached to the Organic 
Chemistry Division; the Commission on Clinical Chemistry was transformed into a 
Section attached directly to the Bureau. 

21 J. Amer. Chem. Soc. 82, 5575-5584 (1960). 

22 J. Biol. Chem. 241, 527-533 (1966) ; Biochim. Biophys. Acta 108, 1-4 (1965). 

23 IUPAC Inform. Bull. No. 33 (1968). Biochim. Biophys. Acta 164, 453-486 (1968). 

24 IUPAC Inform. Bull. No. 25 (1966) ; Biochim. Biophys. Acta 107, 1-4 (1965); J. Biol. Chem. 
241, 2987-2988 (1966). 

25 IUPAC Inform. Bull. No. 25 (1966); Biochim. Biophys. Acta 107, 5-10 (1965); J. Biol. 
Chem. 241, 2989-2991 (1966). 

26 IUPAC Inform. Bull. No. 23 (1965); Biochim. Biophys. Acta 107, 11-13 (1965); J. Biol. 
Chem. 241, 2991-2992 (1966). 

27 IUPAC Inform. Bull. No. 26 (1966); Biochim. Biophys. Acta 117, 285-288 (1966); J. Biol. 
Chem. 241, 2992-2994 (1966). 

28 JUPAC Inform. Bull. No. 26 (1966) ; Biochim. Biophys. Acta 121, 1-7 (1966); J. Biol. Chem. 
241, 2491-2495 (1966). 

29 JUPAC Inform. Bull. No. 27 (1966); Biochemistry 6, 362-364 (1967); Biochim. Biophys. 
Acta 133, 1-5 (1967); J. Biol. Chem. 242, 555-557 (1967). 

30 TUPAC Inform. Bull. No. 32 (1968). 

31 TUPAC Inform. Bull. No. 30 (1967). 

32 Hoppe-Seyler’s Z. f. Physiolog. Chem. 348, 245-276 (1967). 

33 R. Dybkaer and K. Jorgensen, Quantities and Units in Clinical Chemistry, Munksgaard, 
Copenhagen, 1967. 

34 Anal. Chim. Acta 18, 1-184 (1958). 

35 Pure Appl. Chem. 8, 1-88 (1964). Also in book form Reagents and Reactions for Qualitative 
Inorganic Analysis, Fifth Report, Butterworths, London, 1964. 

36 fies iit Chem. 1, 143-145 (1960); 3, 513-515 (1961); 5, 759-761 (1962); 7, 707-709 

1963). 

37 Pure Appl. Chem., in the press. 

38 Pure Appl. Chem. 1, 177-186 (1960); 8, 553-562 (1964). 

39 Pure Appl. Chem. 1, 147-162 (1960). 

40 Pure Appl. Chem. 1, 187-536 (1960). Also in book form, Butterworths, London, 1961. 

41 Supplement to Pure Appl. Chem., 1965. 

42 Pure Appl. Chem. 18, 419-426 (1969). 

43 Pure Appl. Chem. 1, 163-168 (1960). 

44 Pure Appl. Chem. 13, 421-426 (1966) ; 13, 429-435 (1966). 

45 J. Bjerrum, B. Schwarzenbach and L. G. Sillen, Stability Constants of Metal-Ion Complexes 
with Solubility Products of Inorganic Substances. Part I: Organic Ligands, Special Publication 
No. 6 (1957); Part IT: Inorganic Ligands, Special Publication No. 7 (1958); The Chemical 
Society, London. 

46 Special Publication No. 17, The Chemical Society, London, 1964. 

47 Pure Appl. Chem. 18, 457-464 (1969). 

48 Assay of Vitamin A Oils, Butterworths, London, 1959; E. Brunius, Nature, Lond. 181, 
395-396 (1958) ; J. Assoc. Off. Agric. Chem. 42, 657-678 (1959). 

49 The Vitamin A Potency of Beta-Carotene, Butterworths, London, 1959. 

50 The Vitamin D Bioassay of Oils and Concentrates, Butterworths, London, 1959. 

51 Pure Appl. Chem. 7, 147-153 (1963). 

52 Standard Methods for the Analysis of Oils, Fats and Soaps, 5th Edition, Butterworths, London, 
1964. 

53 First Supplement to the 5th Edition, Butterworths, London, 1966. 

54 Determination of Copper Content of Foodstuffs: Photometric Method, Butterworths, London, 1959. 

55 Determination of Lead Content of Foodstuffs, Pure Appl. Chem. 10, 71-76 (1965). 

56 Determination of Mercury Content of Foodstuffs, Pure Appl. Chem. 10, 77-81 (1965). 

5? TUPAC Inform. Bull. No. 31 (1968). 

58 JUPAC Inform Bull. No. 32 (1968). 

59 Methods for the Determination of Toxic Substances in Air, incorporating First Replacement- 
Addition issue, Butterworths, London, 1962. 

60 Pure Appl. Chem. 3, 1-373 (1961). Also in book form, Butterworths, London, 1961. 

61 Jlème Symposium International sur les Limités Tolérables pour les Substances Toxiques dans 
l'Industrie publié par |’ Institut National Français de Sécurité de Prévention des Maladies 
Professionnelles (1965). 

62 Revue française des Mines 1957, No. 4. 

63R. Houwink and H. Bouman, Classification of High Polymers: A Review, Butterworths 
London, 1960. 


19 


WILHELM KLEMM 


64 Pure Appl. Chem. 16, 491-701 (1968). Also in book form The Classifying of High Polymers 
(in German and English) by O. Leuchs, Butterworths, London, 1968. 

65 TUPAC Inform. Bull. No. 25 (1966). 

66 T, T. Jones. The Relationship of Performance Characteristics to Basic Parameters of Polymers. 
I. A Collaborative Study of Polystyrene using Torsion Pendulum and Impact Methods. J. Polymer Sci., 
Part C, No. 16, 3845-3864 (1968). 

67 International Symposium on the Aging of Plastics, Kunstoffe 49, 57 (Nov. 1959). 

68 Pure Appl. Chem. 10, 241-292 (1965). 

69 Pure Appl. Chem. 10, 190-237 (1965). 

70 Re-Use of Water in Industry —A Contribution to the Solution of Effuent Problems, Butterworths, 
London, 1963 

71 Pure Appl. Chem. 13, 403-417 (1966). Also available as a reprint, Butterworths, London, 
1966. 

72 Pure Appl. Chem. 17, 273-312 (1968). Also available as a reprint, Butterworths, London, 
1968. 

73 Pure Appl. Chem. 5, 9-254 (1962). Also in book form Proceedings of the Wood Chemistry Sym- 
posium, Butterworths, London, 1962. 

74 Pure Appl. Chem. 14, 279-568 (1967). Also in book form Dissolving Pulps, Butterworths, 
London, 1967. 

75 The Effect of Examinations in Determining the Chemistry Curriculum up the to Level of University 
Entrance, Pure Appl. Chem. 11, 583-632 (1965). Also available as a reprint, Butterworths, 
London, 1965. 

76 In-Service Training of Chemistry Teachers, IUPAC Inform. Bull. No. 31 (1968). 

7? Istituto de Optica , Madrid 6, Spain; April, 1968. 

78 Supplement to JUPAC Inform. Bull. (1966). 

79 Rules for IUPAC Notation for Organic Compounds, Longmans, London, 1961. 

80 Pure Appl. Chem. 18, 427-436 (1969). Also available as a reprint, Butterworths, London, 
1969. 

81 Pure Appl. Chem. 18, 437-442 (1969). Also available as a reprint, Butterworths, London, 
1969 


82 Pure ‘Appl. Chem. 18, 443-456 (1969). Also available as a reprint, Butterworths, London, 
1969. 


20 


7h 


dé 
Li : 


7 


4 


LORS «4: 


ac | à 


at 
Vint Pn 


ati AL 


OE et Po art RENE ENN we? Pee = = = Me > 3 n 3 £ 4 bP gal +“ ge Ce . Cr r “ ACT dut er es 
LD Nee a pe nr) TE SAS rian hp oat FES ,9 ESS : Seppe = : : = 5 Le ae dae one He ad PE 
ed Be BP Orde Hem peed hd r se, ae e's bas 4 = rin! = 2 we s À S - ti Paca RE dE: ae 
woh OA he ste , 7 7 = Ë 
LEUR IE No D à 
ane 


= A NEO py ets te apr ae ng sos By Fp em I 5 ve £ : Ch NSE et A eda! Rte 
Singh capt Mat Bh meting ES Nes + | BR TE LE AES : 


Fr eg CAES 2e NS DE PO Se ety or 


LS ag al gt A spé lng sh. GT ES a M NP at She 
ARR rere RD A en ce SE RUN ORDRE DEEE Ne as NS I 
PIRES PEPER nage Ain eat oe i à =. 


oA Re Et eel Re 
BEI Br eee nee rt 
Rares 


code ie Oe er ny a en Ps ope 7 “er ae a é 3 CRD np See? 
DES SF RS i 


> Sa 
ces De 
re 
: 7 À 3 he ‘ ¥ (4 eh oe Sica 
PRP MANA erie nie oe ote a= z Re TR LA À NÉ 
12 bat 2 : 


parer 
So wie RTS pee EE 
YS St 

Capea ty SES 


me Che ne - > Soit à KES EST ed 1 ; 7 oie 2 D AR pe a Lee 5 ~ a x RES Dre on 

gb. sr : à pa: s : Las es È a 2 ite ite Rig gine ae aes = EAP Ar ee x y : 3 2 a 4 : St - 

ard re ie He ER 7 LE # . ETS : 3 : Pe te SPE REE TS DEL = ome in er. Sal Ag aC as ag ge pS = hte tie PS we x o> Le ti = he eh ae ee are se ibe ae EUR a tae Berea ew de 

RATER ie hs : . tin AS TR pee 2 : 2 SRP PS EN DR SD ET Sores Le RAS Sir arn Me PDP PE DE CN ae Se 20 aie UN EE is ee peg ay eet e eP ay 

vps he 4 PE aes “hr y 7 Sr des Se" pres A i > « Four er: É x e ee ae P So J Fa ys . pr Re BS ca ae igh ~ “ + PES LEE te D rite 

ÉTAT rip pi . oe 4 Rg relat Ca % : ( Age eT a : # se <= x os a: CR Be x : > : eee a 
2e 2 . 2 L. ? g ye ~ x € hack, TE Cr, > > amer FPS Pi ¥ ” ef 3 eee oe Ss ar bere J met + = ps de € | 

Ra er pres 4 - 7 goto 5 sn eae rs ere Pres Arr À are eon + Aine et OEE pentenee ; CA ET €: Libres à AN AE PR da ON RME 

CHATS SPP et ETES > “ : É # » “ es rn ou À ps ~ oe 3 IS eed 7 rh : : 7? 


APE 


Epices 
a hs 


es 


eee 


+ 


pe ok 
epee ne 
APRES 


(2 


à 
i 


meaty 


ae 


oe 
Ba 
MANS 


HR 


